BACKGROUND: Bronchodilator treatment for asthma can be provided with various aerosolgenerating devices and methods. There have been no randomized trials of a breath-actuated nebulizer versus continuous 1-hour nebulization and/or small-volume constant-output nebulizer in pediatric asthma patients. METHODS: We conducted a randomized study of one-time albuterol treatment with the AeroEclipse breath-actuated nebulizer versus standard therapy (single treatment via small-volume nebulizer or 1-hour of continuous nebulized albuterol) in pediatric asthma patients in the emergency department. Eligible patients were those admitted to the emergency department, 0 months to 18 years of age, who presented with asthma or wheezing. We assessed all the patients with our clinical asthma scoring system and peak-flow measurement if possible. We stratified the patients by clinical asthma score and weight, and then randomized them to receive their initial albuterol treatment in the emergency department via either AeroEclipse or standard therapy. We recorded time in the emergency department, change in clinical asthma score, need for additional bronchodilator treatments, need for admission, patient response, ability to actuate the AeroEclipse, and adverse effects. RESULTS: We enrolled 149 patients between October 14, 2004 and November 11, 2005, and we randomized 84 patients to AeroEclipse and 65 to standard therapy. The cohort's average age was 5.5 years. There were no significant differences in demographics. The initial mean clinical asthma scores were 5.1 ؎ 2.4 in the AeroEclipse group, and 5.1 ؎ 2.1 in the standard-therapy group. Time in the emergency department was not different (AeroEclipse 102 min, standard therapy 125 min, P ‫؍‬ .10), but the AeroEclipse group had a significantly greater improvement in clinical asthma score (1.9 ؎ 1.2 vs 1.2 ؎ 1.4, P ‫؍‬ .001) and respiratory rate (P ‫؍‬ .002), and significantly lower admission rate (38% vs 57%, P ‫؍‬ .03). There was no difference in adverse effects. CONCLUSIONS: Although AeroEclipse did not reduce the time in the ED, it significantly improved clinical asthma score, decreased admissions, and decreased respiratory rate.
Introduction
Asthma is the most common chronic illness of childhood. In the emergency department (ED) at Children's Hospital and Research Center Oakland, 5,498 patients were treated for asthma in 2005. The ␤ 2 agonist albuterol is the standard first-line aerosol therapy in the treatment of children with asthma. Effective, efficient, and safe delivery of albuterol affect the amount of time in the ED and whether hospital admission is required. Factors associated with effective aerosol delivery are: choice of nebulizer, aerosol particle size, nebulizer/patient interface, patient size, patient adherence to therapy, dose, and degree of bronchoconstriction (asthma severity). Infants have rapid respiratory rate, nose breathing, little cooperation with therapy, and other obstacles to successful aerosol delivery. [1] [2] [3] [4] SEE THE RELATED EDITORIAL ON PAGE 882 Albuterol treatments for asthma can be provided via various aerosol generating devices and methods, which can be institution-specific and are widely variable. 5 Smallvolume constant-output jet nebulizers (SVNs) are very popular in pediatric EDs. Most SVNs generate aerosol constantly, during both inhalation and exhalation, and typical SVN treatments require 8 -15 min, and, often, repeat treatment. Approximately 14 years ago, some manufacturers introduced large-volume nebulizers capable of delivering albuterol over a longer period: generally 1-8 hours. In theory, this longer-period delivery eliminates the peaks and troughs of intermittent SVN treatments and decreases the need for the respiratory therapist (RT) to return to the patient bedside. The available research on continuous nebulization, although limited, suggests they are safe and effective. [6] [7] [8] Many pediatric institutions have incorporated continuous nebulization into their asthma regimens. We use both SVN and continuous nebulization in our ED asthma algorithm.
Aerosol particle size and nebulizer type affect aerosol delivery. Choosing a nebulizer requires close attention to the device's ability to deliver a high percentage of particles in the respirable range (2-5 m), [9] [10] [11] which is the range recognized in many standards relating to aerosol delivery. Particles Ͻ 2 m can reach the lungs but are likely to be exhaled instead of deposited in the lungs, particularly if Ͻ 1 m. Traditional SVNs deliver some particles in the Ͻ 5 m range, but their output is extremely variable, 12, 13 and they lose respirable particles in the continuous flow during exhalation. Some newer nebulizers can deliver a higher percentage of respirable-range particles, 14 and some newer nebulizers are breath-actuated (ie, aerosol production is started by the onset of inhalation) to limit the loss of aerosol during exhalation. The AeroEclipse (Monaghan Medical, Plattsburgh, New York) is a breathactuated SVN, introduced in January 2000. The AeroEclipse can also be manually actuated, for patients too weak or too young to trigger the flow valve, and can be set to nebulize continuously by placing a cap over the manual button. Studies have shown good aerosol delivery and efficacy with AeroEclipse, [15] [16] [17] [18] but there are no large pediatric trials of AeroEclipse.
Nebulizer effectiveness is also influenced by the patient interface (eg, mouthpiece, mask, blow-by), particularly in children. Young children have limited ability to use a mouthpiece or mask as the aerosol interface. Children do not react favorably to devices or aerosol directed at the face. With younger pediatric patients, RTs often have to resort to blow-by treatment. With mask or blow-by, children often have a reflex "pull-away" response, with distress and/or crying. Iles et al found negligible aerosol deposition in crying and distressed children. 3 There appears to be no consensus regarding the optimal albuterol dose or dilution for a child. Some authors have suggested that adult doses of aerosolized bronchodilator are comparable when used in children. 19 Crain et al noted that most dosing in pediatric hospitals is institution-specific. 5 Some pediatric institutions, including ours, have developed their own approaches to bronchodilator therapy. In 1984, Kao et al studied full-strength isoproterenol hydrochloride for the treatment of bronchoconstriction in neonates. 20 The concentrated solution was nebulized and administered for a specific number of "breaths," with good results. Kao joined our staff in 1985, and her work initiated our change to undiluted aerosol therapy that year.
Gutglass et al evaluated undiluted albuterol via SVN in children in the ED and found that undiluted albuterol was as safe and effective as diluted albuterol. 21 Our current standard SVN nebulizer is the Misty-Neb (Cardinal Healthcare, Dublin, Ohio), and our albuterol dosage is 0.5 mL of albuterol in 0.5 mL of normal saline to infants Յ 20 kg, and 1 mL of undiluted albuterol to patients Ͼ 20 kg. With the introduction of 1-8-hour continuous nebulization, [6] [7] [8] patients presenting with more severe exacerbation receive 10 mg aerosolized albuterol over 1 hour, via the high-flow MiniHeart nebulizer (WestMed, Tucson, Arizona).
In 1994, to standardize asthma treatment, we created an algorithm ( Fig. 1 ) that uses our modification (Table 1) of the clinical asthma scoring system validated by Schuh et al. 22 Patients are scored from 0 to 3, on accessory muscle use, breath sounds, and dyspnea; each attribute has equal weight. Patients Ͻ 2 years old cannot be scored on dyspnea. Two additional points can be assigned if PEF is Ͻ 70% of predicted (one point) or oxygen saturation is Ͻ 92% on room air (one point).
The algorithm dictates that children with a low clinical asthma score (milder asthma symptoms) receive albuterol via constant-flow SVN. The dose is determined by patient weight, as described above. Children with a high clinical asthma score (more severe asthma symptoms) receive 10 mg albuterol via continuous nebulization, over 1 hour. This very aggressive approach to asthma care has worked well at our center. In 2002 we assessed the validity and reliability of our clinical asthma score system, and presented our findings at the Open Forum of the International Respiratory Congress of the American Association for Re-spiratory Care. 23 Since then the clinical asthma score has been part of our asthma assessment. RTs carry a clinical asthma score reference card with their name badge, as a constant reminder of the clinical asthma scoring system. New employees undergo formal training in the asthma scoring system during orientation. Our staff choose the interface (mask, mouthpiece, or blow-by) based on the patient's age, coordination, and asthma severity.
Comparisons of continuous nebulization and SVN have been limited 8, [22] [23] [24] [25] [26] but have shown continuous nebulization to be as safe and effective as SVN. There have been no randomized controlled trials of AeroEclipse versus standard aerosol delivery in pediatric patients in the ED. We compared one-time treatment with AeroEclipse to our 2 current standard treatments (SVN and continuous nebulization) in the ED.
Methods
The study protocol was approved by our institutional review board and ED physicians. The study was partly funded by Monaghan Medical, which provided a grant and the AeroEclipse nebulizers used in the study. However, Monaghan Medical had no input into the study design, data analysis, or manuscript review. Prior to the study we held in-services to familiarize the respiratory and emergency department staff with the study. To limit variability in execution of the study protocol, we limited patient enrollment to the day shift (7:00 AM to 7:00 PM) and a small number of respiratory care staff sought the patient consents and enrolled patients. Four RTs completed training in protection of human subjects' rights, closely reviewed the study eligibility and protocol, obtained the consents, and performed the study procedures. These study staff were well versed with the clinical asthma score and our asthma algorithm, which are part of our routine care.
Children admitted to the ED between birth and 18 years of age, with breathing difficulties associated with wheezing or asthma, were eligible for enrollment. We excluded patients who had a history of structural heart disease; bronchiolitis and were Ͻ 2 years old; or were ordered to receive racemic epinephrine aerosol.
After initial nursing assessment in triage, we approached the patient's parents to ask about study participation. If parental consent was obtained, the patient was examined by one of the study respiratory staff and assessed for baseline clinical asthma score. Patients were then stratified by weight (Յ 20 kg or Ͼ 20 kg) and clinical asthma score (Յ 4 or Ͼ 4), and randomized within each strata, with a randomization table (4-group block design, created a priori), to receive their initial bronchodilator treatment via either standard therapy (continuous-output SVN or continuous nebulization) or AeroEclipse (Fig. 2) . Standard therapy was guided by our asthma algorithm and the discretion of the attending physician. Standard-therapy patients with clinical asthma score Ͼ 4 received continuous nebulization. Patients randomized to AeroEclipse received albuterol via AeroEclipse regardless of clinical asthma score. The decision to admit a patient to the hospital was determined by the attending physician.
Bronchodilator dose was based on patient weight and the nebulizer used. The AeroEclipse and SVN patients Յ 20 kg received 0.5 mL (2.5 mg) albuterol in 0.5 mL normal saline. AeroEclipse and SVN patients Ͼ 20 kg received 1.0 mL (5 mg) albuterol undiluted. Continuous nebulization patients received 2.0 mL (10 mg) albuterol in 18 mL normal saline (ie, 20 mL nebulizer charge) over 1 hour.
If the patient was able to perform a peak expiratory flow (PEF) maneuver, we attempted to obtain PEF measurements (Truzone, Monaghan Medical, Plattsburgh, New York) before and after treatment.
Mouthpiece was the preferred interface with AeroEclipse and SVN. If the patient did not have the coordination to use a mouthpiece, we attempted to use a mask. SVN patients unable to use a mouthpiece and all continuous nebulization patients used conventional pediatric or adult aerosol masks. AeroEclipse patients who required a mask used the Comfort Seal mask (Monaghan Medical, Plattsburgh, New York). We assessed patient tolerance of all masks used, during the first 10 breaths of treatment. If patient did not tolerate the mask, we quickly removed it and aerosol was given via blow-by, as close as possible to (without touching) the nose and mouth. Patients randomized to AeroEclipse and able to breathactuate it were allowed to do so regardless of age. With patients who were unable to breath-actuate the AeroEclipse within the first 10 breaths, we set the AeroEclipse in continuous-nebulization mode.
Demographic data were recorded on all patients. All patients, regardless of randomization assignment, were assessed prior to and 10 min after completion of their assigned treatment. Although times between before and after assessments differed in minutes, patients were consistently assessed 10 min after completion of assigned drug dose delivery. Assessments included clinical asthma score, heart rate, and respiratory rate. We recorded PEF in patients who could complete the PEF maneuver. In addition, level of nausea, incidence of tremors, vomiting, hyperactivity, need for additional treatments, steroids, time in the ED, and hospital admission were recorded. Length of stay in the ED was defined as the time patient treatment was initiated to the time orders were written to admit patient or send them home.
We recorded patient tolerance of the aerosol treatments as either: tolerated treatment without problems; tolerated treatment with encouragement; some resistance to treatment; or total resistance to treatment and required blowby. We also recorded ability to breath-actuate the AeroEclipse.
Statistical Analysis
Prior to the study we conducted a power analysis to determine the sample size. Based on previously collected data on respiratory care treatments and time in the ED, the estimated standard deviation for time in the ED was 1.44 hours for patients not admitted, and 1.68 hours for patients admitted. We calculated that a sample size of 150 (75 patients per group) would have 90% power to detect a difference of Ն 55 min between the groups.
We analyzed time in the ED with the Student t test. We used analysis of covariance to analyze the changes in clinical asthma score. Heart rate, respiratory rate, and PEF were analyzed with a 2-sample t test to compare treatment groups. In patients who attempted PEF, if the result was zero, that value was changed to one for analysis. For dichotomous outcomes (yes/no, admission, ED disposition, and complications) we used chi-square or the Fisher exact test.
We conducted additional analyses of time in the ED, ED disposition, and clinical asthma score to evaluate the effect of treatment type (continuous nebulization or SVN) in the standard-therapy group, compared to the AeroEclipse group. For these analyses we used analysis of variance for 3 groups, and if we found a significant difference between the 3 groups, we used the Tukey-Kramer method of multiple comparisons to determine which group differed.
Data analysis was with statistics software (SAS 9.2, SAS Institute, Cary, North Carolina). A significance level of .05 was used for all statistical tests.
Results

Between
Eighty-four patients were randomized to AeroEclipse, and 65 to standard therapy (55 to continuous nebulization, 10 to SVN). Demographics at baseline showed no difference between the study groups ( Table 2 ). The groups were comparable in both age and weight. The initial mean clinical asthma scores were 5.1 Ϯ 2.4 in the AeroEclipse group, and 5.1 Ϯ 2.1 in the standard-therapy group. The clinical asthma score range was 0 -10 in the AeroEclipse group, and 0 -11 in the standard-therapy group.
The average time in the ED was less in the AeroEclipse group, but this did not reach statistical significance (AeroEclipse 102 Ϯ 77 min, standard-therapy group 125 Ϯ 88 min, P ϭ .10). The AeroEclipse group had better improvement in clinical asthma score than the standardtherapy group: 38% of the AeroEclipse patients versus 24% of the standard-therapy patients had an improvement in clinical asthma score (P ϭ .01). While the groups' baseline clinical asthma scores were similar, the mean improvement in clinical asthma score after treatment was greater in the AeroEclipse group (1.9 Ϯ 1.2) than in the standard-therapy group (1.2 Ϯ 1.4) (P ϭ .001) (Fig. 3) . Change in heart rate and S pO 2 were not different between the groups. However, there was an unexpected, significant drop in respiratory rate in the AeroEclipse group (P ϭ .002) (Fig. 4) . Only a few patients were able to perform the PEF maneuver (AeroEclipse 28 [33%], standard therapy 20 [31%], difference not significant).
The incidence of clinical adverse effects (cough, nausea, vomiting, tremors, and/or hyperactivity) was not different between the groups, before or after treatment (Fig. 5) We performed a secondary analysis of AeroEclipse versus the 55 continuous nebulization therapies and 10 SVN therapies for time in the ED, ED disposition, and change in clinical asthma score, to see if there was a differential effect by standard-therapy treatment assignment. We evaluated the baseline status of the standard-therapy group by treatment (continuous nebulization or SVN). As expected, given our asthma algorithm, the continuous nebulization patients had a higher average clinical asthma score (5.5) than the SVN patients (3.0). There was no significant difference in baseline clinical asthma score between the AeroEclipse group (5.1 Ϯ 2.4) and the continuous nebulization group (5.5 Ϯ 1.9) (P ϭ .58), but the SVN group's baseline score was significantly lower (3.0 Ϯ 2.1) (P ϭ .02).
The AeroEclipse group had significantly better improvement in clinical asthma score than did the continuous nebulization group: Ϫ1.7 Ϯ 1.5 vs Ϫ1.1 Ϯ 1.4 (P ϭ .018). Neither continuous nebulization nor AeroEclipse showed an improvement in clinical asthma score over SVN, possibly due to the small number of SVN patients (n ϭ 10).
Time in the ED was nonsignificantly longer in the continuous nebulization patients: AeroEclipse 102 Ϯ 77 min, continuous nebulization 137 Ϯ 89 min, SVN 45 Ϯ 33 min (P ϭ .10). Three patients were removed from this analysis because they were discovered to be direct admits (they were going to be admitted regardless of therapy). The continuous nebulization patients had the highest admission rate: 36 continuous nebulization patients (65%), 34 AeroEclipse patients (40%), 4 SVN patients (40%) (P ϭ .059).
Bigger (older) patients (Ͼ 20 kg) were more likely to have improvement with AeroEclipse than were patients Յ 20 kg (change in clinical asthma score with AeroEclipse Ϫ2.1 vs standard therapy Ϫ1.2, P ϭ .007) (Fig. 6 ). The patients with baseline clinical asthma score Ͼ 4 were more likely to have greater response with AeroEclipse than were those with baseline score Յ 4 (change in clinical asthma score with AeroEclipse Ϫ2.2 vs standard therapy Ϫ1.5, P ϭ .01) (Fig. 7) . Treatment tolerance was collapsed into 2 groups: accepted treatment or resisted treatment. Seventy-three AeroEclipse patients (87%) versus 48 standard-therapy patients (74%) accepted their aerosol treatment outright (P ϭ .06). Of the patients who resisted treatment (AeroEclipse 9 [11%], standard therapy 17 [65%]), fewer AeroEclipse patients resisted to the point that they required blow-by (AeroEclipse 3/9 [33%], standard therapy 15/17 [88%], P ϭ .007) (Fig. 8) .
Although there has been some concern about pediatric patients' ability to breath-actuate, 66 (79%) of the 84 AeroEclipse patients were able to breath-actuate, and their average age was 6.7 years (range 6 months to 18 years).
Some patients with high clinical asthma score (severe asthma) were initially unable to breath-actuate, but after 4 -6 breaths with the clinician manually actuating the AeroEclipse, these patients were able to breath-actuate for the remainder of the treatment.
Discussion
Our results show that albuterol delivery via AeroEclipse as the initial treatment for asthma patients in our ED is more effective than initial treatment with continuous nebulization. Although there was no difference in time in the ED, the AeroEclipse patients had significantly better improvement in clinical asthma score, better decrease in respiratory rate, and a lower admission rate, and there was no significant difference in adverse effects.
Our study was powered to detect a difference in time in the ED, but we found no difference. Time in the ED is affected by many uncontrollable factors such as physician availability, bed availability, patient load, and social issues. In addition, in this study, comparison of time in the ED is confounded by the difference in duration of treatment determined by the clinical asthma score and treatment allocation. The nonsignificant difference in time in the ED may reflect these confounders. The decision to admit a patient was by the treating physician, and study staff had no role in this. Although the decision to admit was not standardized, fewer patients in the AeroEclipse group required hospital admission (39 [46%] vs 40 [62%], P ϭ .09).
The average pre-treatment clinical asthma score was 5.1 in both groups, so these patients had moderate to severe asthma, which is also reflected by the number of standardtherapy patients who required continuous aerosol therapy (continuous nebulization) according to our asthma algorithm (see Fig 1) . The AeroEclipse patients had significantly better improvement in clinical asthma score than the standard-treatment group as a whole; however, the secondary analysis revealed that this difference was limited to the continuous nebulization group. The observed difference in asthma score improvement and admission rate might be due to better nebulizer efficiency with AeroEclipse. There was no significant difference in asthma score improvement between the AeroEclipse group and the SVN group, but this finding may be due to the small number of SVN patients; however, this requires further study.
The patients Ͼ 20 kg had greater benefit from AeroEclipse, as did the sicker patients (baseline score Ͼ 4). The better efficacy of AeroEclipse may be the result of breath actuation, smaller aerosol particle size, and/or greater patient acceptance. Breath-actuation results in a greater inhaled drug mass and less medication waste. 13, 16 Seventynine percent of the AeroEclipse patients were able to breathactuate. Continuous nebulization with regular SVN or continuous nebulization results in considerable loss of drug to the environment, and reduced delivery to the lung.
Nebulizer performance is based on output volume and particle size. The more particles in the respirable range and the greater the density of respirable-range particles, the more effective the aerosol delivery to the lower respiratory tract. 14 Several studies have found that AeroEclipse delivers more respirable-range particles than some older-model nebulizers. [15] [16] [17] [18] On average, 80% of the aerosol from AeroEclipse is Ͻ 4.8 m, and this small average particle size may improve lung deposition.
Some have argued that the choice of interface and interface design affect aerosol delivery. 27 In a study with 359 children, ages 6 months to 8 years, with mild persistent asthma, Virant found that aerosol delivery was equally effective via mask or mouthpiece, 28 and studies by Malone et al, 29 Mellon et al, 30 and Lowenthal and Kattan 31 support that finding. Mask design and face seal (fit) may play a large role in lung deposition. The masks we used in our standard-therapy patients were those we traditionally use with continuous nebulization or SVN. They are vented, somewhat rigid, plastic masks that do not form fit to the child's face, and they have large areas from which aerosol can escape, which can increase aerosol deposition on the face and eyes and decrease delivery to the lung. 32 Amirav and Newhouse highlighted the importance of a tight face-mask seal. 33 They concluded that a well fitted mask can increase lung delivery by 30%. They evaluated 3 masks and found that the mask that comes with the AeroChamber holding chamber and a mask made by Hans Rudolph Company provided the best seals. AeroEclipse uses that same AeroChamber mask, which is made of pliable silicone (and is thus more form fitting) and is nonvented. Those design features seem to facilitate patient comfort and acceptance. Patient tolerance of an aerosol treatment often relates to interface type, and can play a large role in determining effective drug delivery. In addition, better fitting masks and nebulization only during inspiration may help limit clinician exposure to aerosol particles, which can carry microbes.
Some of the patient resistance to aerosol therapy in children is their dislike/intolerance of anything blowing in their face. They commonly pull away and/or cry, resulting in wasted medication. Several studies have shown that aerosol deposition to a distressed, crying, or combative child is negligible. 4, 33, 34 Most agree that blow-by is ineffective. [34] [35] [36] Our AeroEclipse patients accepted their treatments more often than our standard-therapy patients, but this did not reach statistical significance (AeroEclipse 87% vs standard therapy 74%, P ϭ .06). Although the patients numbers were small, fewer patients in the AeroEclipse group required blow-by (AeroEclipse 3 vs standard therapy 15, P ϭ .004). The design of AeroEclipse and AeroChamber mask may have been a factor in the higher acceptance in the AeroEclipse group.
In this study one could argue that the dosages in the 3 groups differed. The AeroEclipse and SVN patients received 2.5-5 mg of albuterol, either undiluted or only slightly diluted, over a short period, whereas the continuous nebulization patients received 10 mg of albuterol over 1 hour. However, the SVN and continuous nebulization patients may have received less drug because, with regular SVN and continuous nebulization, nebulization is throughout the respiratory cycle, so some aerosol is lost to the environment. This could account for the better improvement in asthma score in the AeroEclipse group.
While this study did not directly address resource utilization, one could argue that the time taken to deliver a breath-actuated nebulizer treatment is much less than that to deliver a continuous nebulization treatment. Recently we did an ad hoc e-mail survey of respiratory managers of the 42 children's hospitals in the Children's Health Consortium of America. Thirty-eight of the 42 managers responded and indicated that they use continuous nebulization in their EDs, and many of them answered "a lot!" (unpublished data). That survey result supports the relevance of this study, and our results may be important to children's hospitals nationwide. The significantly better improvement of asthma score in the AeroEclipse group has potential implications on resource utilization by respiratory care staff.
One potential weakness of our study relates to direct observation of the treatment administration. The RT always remained at the bedside during AeroEclipse and SVN treatments, but continuous nebulization patients were not continuously observed. As is normal practice, the continuous nebulization patients were initially assessed, set up on continuous nebulization, and then left under the supervision of the parent and ED nurse. The RT returned near the end of the continuous nebulization treatment to evaluate treatment response. Given reports by parents and ED staff, we assumed that the child remained on the continuous nebulization continuously during that hour.
There were no significant differences between AeroEclipse and standard-therapy in patient safety or adverse effects, and all remained within safe ranges. There was a significant drop in respiratory rate in the AeroEclipse group.
Continuous nebulization of aerosols throughout inspiration and exhalation may pose a risk to clinicians and family members because aerosol is released to the environment during exhalation. This problem can be reduced with the AeroEclipse nebulizer.
We conducted this study to see if a newer nebulizer technology, with purportedly higher efficiency and shorter treatment time, could replace our current SVNs and continuous nebulization treatments in our emergency department. We found that initial treatment with AeroEclipse was more efficacious than initial treatment with continuous nebulization, which we currently use with patients with more severe asthma. An important finding was that our sicker patients (baseline asthma score Ͼ 4) and bigger patients (Ͼ 20 kg) had greater response with AeroEclipse. This new information is important, because AeroEclipse uses less albuterol and less time, with improved efficiency and a lower admission rate than continuous nebulization for the initial aerosol treatment in the ED. Also, patient tolerance of treatment is important in young patients, and the AeroChamber mask used with AeroEclipse seems to be better tolerated. The better efficacy of AeroEclipse may be the result of breath actuation, smaller aerosol particle size, and/or greater patient acceptance. Either way, AeroEclipse appears to be a useful new method of delivering bronchodilator to our young patients, and we have incorporated AeroEclipse into our ED asthma algorithm.
Conclusions
Albuterol delivery via AeroEclipse did not significantly decrease time in the ED, but it did provide significantly greater improvement in clinical asthma score, better decrease in respiratory rate, and lower hospital admission rate, and was not associated with more adverse effects. Bigger and sicker patients seem to benefit most. This study gives us data to reconsider continuous nebulization in the ED. However, future studies are warranted to compare breath-actuated nebulizers to SVN in subsequent aerosol treatments in the ED, and whether breath-actuated nebulizer can eliminate the use of continuous nebulization.
